The thymidine kinase (TK) gene of African swine fever virus (ASFV) was located within the viral genome by using two degenerate oligonucleotide probes derived from sequences of the vaccinia virus and cellular TK genes. The TK gene was mapped within a 0.72-kbp Bglll-XhoI fragment (0.242 to 0.246 map units) derived from a 23.9-kbp Sal-B fragment of the ASFV genome. Identification of this region as the ASFV TK gene was confirmed by expression of TK in Escherichia coli and by the synthesis of active TK in a cell-free system programmed with RNA synthesized in vitro. The sequenced gene for TK includes an open reading frame of 588 nucleotides encoding a protein of 196 amino acids. The deduced amino acid sequence shows 32.4% identity with the TK of vaccinia virus.
The thymidine kinase (TK) marker has proven valuable in the establishment of vaccinia virus and herpes simplex virus cloning vectors and for the development of surrogate genetics in these viruses (18, 21) . Therefore, it is of particular interest to identify and characterize the African swine fever virus (ASFV) TK gene as a potential target site for genetic manipulations. ASFV is an icosahedral cytoplasmic DNA virus with properties common to iridoviruses and poxviruses (30, 34) . It causes a highly contagious and generally fatal disease of pigs (8, 9, 16, 23, 34, 35) . Productive infection is accompanied by a weak shutoff of host protein synthesis and the appearance of 44 virus-specific polypeptides ranging in molecular weight from 9,500 to 243,000 (5, 27, 29, 30) . These polypeptides have been classified as immediate early, early, and late (5, 33) . Increases in the levels of two enzymatic activities which may be involved in DNA replication, those of a TK (19) and a DNA polymerase (20) , have been detected following ASFV infection. ASFV infection of baby hamster kidney (BHK) cells may induce the formation of a TK different from that found in normal cells (19) . This activity can be induced in BHK cells deficient in TK as an immediate-early protein, and we have generated ASFV TK-mutants by bromodeoxyuridine mutagenesis (data not shown). These results strongly suggested that the TK induced after infection is encoded by ASFV. Here we report the identification, characterization, and expression of the ASFV TK gene as an initial step toward the genetic manipulation of this virus.
Mapping of the ASFV TK gene. The use of degenerate oligonucleotides to locate the TK genes of Shope fibroma virus and avipoxvirus (26, 32) suggested that such oligonucleotides could also be used for ASFV, given the phylogenetic proximity between ASFV and the poxviruses. infected with ASFV strain E70MS44 (31) was digested with ClaI, SalI, and SmaI and electrophoresed in an agarose gel. The DNA fragments were denatured in the gel, transferred to a nitrocellulose filter, and hybridized to the 32P-oligonucleotide probes (32) . Probe 1 annealed with the Sall-A, -B, -H', and -E fragments (see Fig. 4 ). This indicated possible viral sequences related to proteins that contain an ATPbinding domain, since probe 1 represents a consensus sequence for such a nucleotide-binding site. Probe 2 annealed only with the SalI-B and SalI-E fragments (data not shown). We studied the Sall-B fragment because SalI-E encodes late proteins (22) and the TK of ASFV is an immediate-early protein. ASFV DNA isolated from strain E70MS14 was used in the construction of the recombinant plasmid pRPEM513, and the EcoRI-K fragment was subcloned in pUC18 ( Fig. 1 ) by standard techniques (15) . These plasmids were subjected to restriction enzyme analysis, and the DNA fragments were hybridized to 32P-labeled oligonucleotides in order to map the TK gene more precisely. A region of homology with the TK gene was localized in a 390-bp PstI-HindIII fragment of pRPEM204 (Fig. 2, lanes 2 (23.9-kbp) and SaII-J (0.9-kbp) fragments (31) . After digestion with EcoRI, the EcoRI-K fragment (1) was subcloned in pUC18 to obtain plasmid pRPEM204. The larger BgIII fragment and the HindIII-BglII fragment of this plasmid were cloned in pGEM3Z (2,743 bp) (Promega Biotec, Madison, Wis.) and pINIIIAl (7.4 kbp) (kindly supplied by E. Garcia, Madrid, Spain) (4, 12), respectively, to yield pGEM204a and pINTK14, respectively. Restriction enzyme sites BglII (B), ClaI (C), EcoRI (E), HindlIl (H), PstI (P), PvuI (Pv), and Xhol (X) are indicated. richia coli cells. The HindIII-BglII fragment was cloned into the HindIll and BamHI sites of pINIIIAl (4, 12) to yield plasmid pINTK14 (Fig. 1 Cell-free translation of synthetic RNA. Additional evidence that the BglII-XhoI fragment contains the TK gene was obtained by the synthesis of active TK protein in a cell-free system programmed with RNA synthesized in vitro, using plasmid pGEM204a (Fig. 1) and T7 or SP6 RNA polymerase in the presence of 0.5 mM m7G(5')ppp(5')G. The RNA was translated in a reticulocyte cell-free system, and samples from the translation mixture were then assayed for TK activity. Positive controls were early RNAs from BHK TKcells (kindly supplied by B. Roizman, University of Chicago) at 14 h after infection with ASFV (strain SpainM0/MS44 [31] ) in the presence of 0.1 mM cycloheximide. Total RNA was isolated from infected and mock-infected cells by guanidine isothiocyanate-CsCl extraction (15) . Active TK was obtained upon translation of RNA from infected cells ( Table 2) . (17) , vaccinia virus (VV) (37), variola virus (Var V) (6), monkeypox virus (MPV) (6), fowlpox virus (FPV) (2) , and Shope fibroma virus (SFV) (32) . The consensus sequence and the positions at which identical residues are observed in seven or more of the nine aligned sequences are indicated (+) below the alignment. The maximum identity with vaccinia virus TK was located in the nucleotide-binding site at residues 17 to 25 in the ASFV TK gene, which correspond to residues 11 to 19 in the vaccinia virus TK gene (7) , and in the possible nucleoside-binding site at residues 88 to 122 in ASFV TK, which correspond to residues 77 to 116 in the vaccinia virus TK gene.
The polypeptide synthesized had a molecular weight of about 22,400 (Fig. 5, lane C) The identification of the ASFV TK gene will now permit direct construction, by genetic manipulation, of TK-mutants to serve as recipients for reinsertion of foreign genes. One important change that occurs in the adaptation of ASFV strain E70 to monkey cells is the loss of pathogenicity (31) . Consequently, ASFV could be used as a model in studies of pathogenesis of persistent infections by inserting genes presumably involved in pathogenesis into the genome of the avirulent E70MS14 strain (31).
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